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In recent years tonometry has become an important and 
indispensable part of optometric testing. The optometrist 
is generally held responsible for detecting rises in inter­
ocular pressure, which is a diagnosis of glaucoma by medical 
definition. 
There have been several tanometers constructed to be 
used without corneal anesthesia. These are the ones that 
are of primary interest to the optometrist. 
The purpose of this study is to make a comparison 
among the MacKay-Marg, the Durharn-la�gham, and the Tonomat. 
This study was done on 100 male optometry students at 
Pacific University. 
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DESCRIPTION OF TONOMETERS 
MACKAY-MARG 
The MacKay-marg tonameter was invented by a physicist, 
Dr. Stuart MacKay, and an optometrist, Dr. Elwin Marg (1962). 
The goal of thase men was ta invent a fast acting, accurate 
tonameter which could be used an the unanesthetised cornea. 
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There are two main parts to the MacKay-Marg tonometer, 
the probe and the recorder amplifier. The probe (fig. 1) is 
about 5 inches long and consists of a plunger (1.5 mm_diameter) 
suspended within the probe body by springs and encircled by 
a magnetic field. The plunger extends 5 microns beyond the 
�nd of the probe. When the plunger moves, it induces changes 
in the magnetic field surrounding it. This change is trans­
mitted via the chord to the amplifier recorder. The recorder 
translates the very small movements of the plunger into large 
amplitude waves which are recored on heat sensitive paper. 
DURHAM-LANGHAM 
The history of the development of the Applamatic Tonometer 
goes back to 1960 when the officials of the Mercury Project 
asked the engineering department of the Dupont Company to work 
on the problem of measuring blood pressure of astronauts with­
out the use of indwelling needles. As a result, a pressure­
sensing instrument capable of measuring pressure at low 
levels with high sensitivity and accuracy was developed. 
An ophthalmologist; Davis G. Durham M.O., extended this 
basic concept to the measurement of interocular pressure 
through the outer coats of the eye. As a result, the pressure 
balance Applamatic Tonometer(l966) was developed. 
The design and construction of the Durham-Langham tonometer 
-1s complex, consisting of a gas supply, sensing system, trans­
ducer, amplifier and recorder. 
The gas supply is provided by a replacable canister of 
liquefied gas which is located in a compartment in the rear 
of the instrument. The gas flows through a pressure regulator 
where its pressure is reduced and continues via a silicone 
rubber tube to the probe. 
CROSS SECTION OF THE 
APPLAMATIC TONOMETER SENSOR 
The probe (Fig. 2), referred to as the sensor, is about 
1/2 inch wide and 6 inches long. Gas flows from the cone 
chamber into the anterior rubber extension, into the tip 
extensi6n, against the inner surface of the flexible membrane, 
and out to the atmosphere through t he exit parts. Any re-
striction of this outflow during a continued inflow results 
in an increased pressure in the cone chamber. 
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The pneumatic to electronic transducer situated in the 
c a b i net, sens e s alterations of the pressure in the c one cha m b e r  
by the use o f  strain guages. These pressure ch anges which 
are transmitted by a rea d o ut tube, produce a proportionate 
variation o f  the elec tri c a l signal derived fr o m  the guages.1 
The amplifier magnifies th ese electrical signals·and 
rel.ays them to the recorder where t h e y  a r e  recorded on h e at 
. � 
sens i t-1:$'2:��-d pap e :r. 
TONOMAT 
In 1967 Posner and Inglima d e v elop ed a modificatio n  o f  
the l'llaklokov tonometer which they 
_
ccil_
�_ed _th e T on_gr[]at, _ 
FQ 
F,�. 3 
Fig. 1: The Tonomat applanation townneter. A. 
shows the inst?-ument ready for use. B and C 
show the two-part tubular handle. D · is the 
stainle.�s steel probe, consi.�tfo17 of shajt and 
J"eta.ining collar. E and F present two views of 
the disposable plastic endplate; F shows the 
two orientation markers on the. ap-planatin!] 
surface. D and E (together) constitute the p·robe 
assembly; they weigh 5 grams. 
R osent hal , Jesse, and Werner, D. Leonard. Tonometry 
fil:!.Q Glaucoma Detection (Chicago: Professional Press, Inc., 1969), p. 1i1-137. 
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It consists of a two part tubular handle, and a ct.rtified 
5 gm. stainless steel probe (fig. 3). The endplates are made 
of inexpensive disposable plastic. 
Readings in mm of mercury are obtained by measuring 
the area of the cornea which has been flattened. This is 
accomplished by placing dye on the plate and measuring the 




The following figures are from the 8erkely Tonometer 
Company and are oublished in the instruction manual for 
the Berkely MacKay-Marg Tonometer. 
Up to 26mm of Hg 
26 to 30mm of Hg 




According to Rosenthal and Werner, the Biotronics 
MacKay-marg Tonorneter findings are 2mm lower than those 
published for thB Berkely model. 
Allen and Wertheim (1963) say a finding of 26mm of Hg 
is considered suspicious with 30mm of Hg as positive. A 
diurnal variation of over Smm of Hg is likewise indicative. 
Waggoner (1965) compared results of the �acKay-Marg and 
the Maklakov tonometers. He states his findings as follows: 
MacKay-Marg Maklakov 
Means= 21.59 ± 5. 263 20.03 ± 3.149 
A comparitive study done by Hill and Hill (1959) with 
the MacKay-marg -and the Tonomat shows these results. 
MacKay•marg 
+ 
Means= 19.17 - 3i20 
Tonomat 
17.93 ± 3.14 
The authors attribute the lower than normal mean of 
the macKay-marg to their technique. 
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Barish says that Maklakov findings �f over 22 mm of hg and 
3 mm of hg or more difference in the 2 eyes are considered 
suspicious. 
Rosenthal and Werner state that none bf the research 
that has been completed has indicated any systematic difference 
between the Durham-Langham and either the Goldman or corneal 
Schiotz tonometer, but the Durham-Langham does seem to give 
lower readings for higher pressures. On this basis, 22 mm of 
hg would be accepted as the ctitical v alue until such a time 
that future studies indicate otherwise. 
M ost , if not all, of the studies published to date that 




Subjects for this study were 100 male optometry students 
at Pacific University. They ware deemed by the experimenters 
to be normal healthy young male population. 
_ The tonometers used were the Biotronics MacKay-Marg, 
The Bausch and Lomb Applamatic and the Tonomat ( Ocular 
Products Inc. ) . 
Techniques used were ta ken from the instruction manuals 
which accomoanied each instrument. 
• 1 
A random rotation among the three experimenters and the 
three tonorneters was used. Tanometry was done at various times 
of the day from 9:00 a.m. to 6:00 p.m. Two of the three tana-
metric procedures were taken in random sequence with the MacKay-
Marg being last each time. This was done on the basis of the 
work done by Yamamoto (1968) and Marg who found that the MacKay-
Marg tonometric procedure lowered other findings taken after-
ward. Doing the Applamatic or Tonomat tonometric procedure 
first had no observable effect on the MacKay-Marg findings. 
Compilation of the statistics was done with the aid of 
the SIMLIN computer program at Oregon State University, 
Corvallis, Oregon. 
-10-
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OD OS OD os 
13 15 16 15 
11 11 14 14 
15 16 18 17 
15 17 22 22 
14 13 15 16 
13 15 14 13 
14 14 17 16 
15 15 20 17 
14 15 17 18 
15 14 14 14 
14 13 14 13 
15 14 19 18 
13 16 12 12 
15 15 12 12 
18 15 13 13 
13 14 13 12 
·15 17 17 15 
13 13 15 17 
15 16 16 17 
16 16 14 16 
18 18 9 12 
13 13 15 11 
14 15 13 10 
11 11 10 9 
18 21 20 20 
17 13 17 17 
15 15 13 17 
13 13 15 14 
13 13 18 18 
12 12 16 17 
14 14 13 16 
12 12 14 13 
14 14 15 16 
14 13 16 17 
13 14 13 15 
13 14 11 11 
18 20 23 22 
11 11 18 17 
1 3 13 15 15 
16 15 12 13 
14 14 10 10 
16 16 17 14 
16 17 12 9 
15 15 25 23 
17 16 18 15 
RAW DATA (continued) 
Subject Hackar·Ivfarg Tonomat Durham-Langham 
OD OS OD OS OD OS 
46. A.S. 24 25 18 18 18 15 
47. D.N. 20 20 16 � 16 22 22 
48. R.E. 24 26 16 17 19 20 
49. D.R. 20 24 20 20 19 20 
50. W.M. 20 19 16 16 15 14 
Si. E.G. 20 20 16 14 15 13 
52. G.S. 22 24 19 21 23 23 
53. T .H. 14 16 14 14 14 12 
54. B.G. 20 20 18 16 17 15 
55. D.R. 18 18 16 14 20 16 
56. G.P. 14 14 13 13 12 10 
57. J.L. 20 20 19 19 13 14 
58 • .  J.S, 20 23 19 19 23 25 
59. D.S. 18 19 17 16 21 19 
60. n.c. 24 26 16 17 19 17 
61. o.c. 16 16 16 17 16 18 
62. H. S. 18 17 18 19 21 19 
63. E.S. 18 17 14 12 18 17 
64. J,T. 12 12 14 13 . 13 12 
65. A. S. 14 14. 13 12 13 12 
66. s.s. 14 14 17 16 15 15 
67. D.A. 18 18 21 18 25 23 
68. T .:·I, 16 16 15 15 24 24 
69. s.w. 18 18 18 17 25 22 
70. H.H. 17 16 17 16 17 15 
71. H.G, 22 19 23 22 27 25 72. I.S . 20 20 20 20 23 21 
73. G.�. 15 14 17 16 15 13 74. J.R. 20 20 16 17 16 13 
75. L.B. 16 16 18 18 17 16 
76. B.W. 19 20 18 18 15 15 
77. A.W. 15 18 16 18 14 14 
78. J.H. 16 18 16 16 18 18 
79. J.B. 17 20 15 18 18 17 
80. E.B. 15 13 11 11 16 14 
81. A. S. 24 23 24 23 27 31 
82. J.L. 22 24 22 23 19 19 
83. K.H, 16 16 18 17 15 17 
84. B.H. 18 18 19 21 15 19 
85. D.R. 16 16 18 16 23 23 
86. D.H. 17 17 10 10 11 13 
87. J.H. 20 20 18 18 22 18 
88. D.S. 16 16 15 15 17 15 
89. P.L. 14 16 15 16 17 17 
90. L.L. 16 16 14 12 15 15 
RAW DATA (continued) 
Subject Hackay-Marg Tonomat Durham-Langham 
OD OS OD OS OD OS 
91. J. s. 18 18 16 18 14 14 . 
92. S.R. 18 18 10 10 15 12 
93. T.R. 24 22 18 18 23 23 
94. R.C. 14 14 15 15 15 13 
95. D.G. 17 16 12 11 15 13 
96. C.B. 20 18 23 21 26 23 
97. W.H. 16 16 16 18 13 13 
98. R.D. 20 20 16 18 20 20 
99. H.B. 19 20 16 17 17 17 
100. J.J. 18 18 17 17 16 17 
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S U M M A R Y  OF F I ND I Nf S 
M A C K A Y - rn A R G  
me a n  = 1 9 . 0 8 mm of h g  
s t a n d a r d  d e v i a t i o n = 3 . 2 6 mm o f  h g  
D U R H A M-L A N G H A M  
m e a n = 1 6 . 5 1 mm o f  h g 
s t a n d a r d  d e v i a t i o n  = 4 . 00 m m  o f  h g 
T O N O ff! A T  
m e an = 1 5 . 6 3 m m  o f  h g 
s t a n d a r d  d e v i a t i o n = 2 . 7 7 m m  o f  h g 
C O R R E L A T I O M S : 
M a ck a y - M a r g  t o  T o n o m a t  = . 2 3 8 8  
M a ck a y -M a r g t o  D u r h am-L a � g h e m  = . 2 7 6 8  
T o n o m a t  t o  Dur h a m -L a n g h a m  � . 5 8 0 2  
� 2 9 -
DI S C U S S I O N AN D C O N C L U S I O N S  
T h e r e  a r e  fe w p u b l i s h e d  n o r m s  f p r t h e  T on o rn a t  a n d  t h e  
B a u s c h  a n d L o m b  App l a m a ti c T o n o m e t e r . 
N o r m a l  r e a d i n g s f o r  t h e  B i o t r o n i c s M a c K a y - M a r g T o n om e t e r  
{ R os e n t h a l  a n d  W e r n e r ) i s  u p  t o 2 4 m m  o f  H g  wi t h  2 4  t o  2 8 mm o f  H g  
c o n s i d e r e d  q u e s t i on a b l e  a n d a b o v e  2 8 m m  o f  H g  c o n s i d e r e d  
a b n o r m a l l y h i g h . Th e s a m e  a u th o r s  c o n s i d e r  a r e a d i n g o f  
2 2rn m  o f  H g  a s  c r i t i c a l f o r  t h e  B a u s c h a n� L om b  A p p l a m a t i c 
T o n o m e t e r . 
Wa g g o n e r  ( 1 9 6 5 )  f o u n d  t h e  m e a n  f or t h e  M a c K a y - M a r g  t o  b e  
2 1 . 6 9 m m  o f  H g  ± � - 2� J .  
M e a n s  d e r i v e d  f r om t h i s  s t u d y  a r e  as f o l l o ws : 
M a c K a y - M a r g  1 9 . B B m m  o f  H g  ± 3 . 2 6 
D u r h a m - L a n g h a m 1 6 . 5 1 m m  o f  H g  = 4 . 0 0 
T o n o m a t  1 5 . 6 3m m  o f  H g  � 2 . 7 7 
Th e c or r e l a t i o n b e t we e n  t h e  M a c K a y - M a r g  a n d  t h e  T on om a t  
i s  . 2 3 8 8 , b e t w e e n  t h e  M a c K ay - M a r g a n d  t h e  Ap p l a rn a ti c i s  . 2 7 6 8 , 
a n d b e t we e n  t h e  T o n o m a t  a n d  t h e Ap p l a m a t i c i s  . 58 0 2 .  Th e s e  
c o r r e l a t i o n s  a r e  a l l  s t a t i s t i c a l l y  s i g n i f i c a n t  t o  t h e  . 0 5 
c on fide n c e  l e v e l  b u t  t h e  c o r r e l a t i o n b e t w e e n  t h e  T o n om a t  a n d  
t h e  A p p l a m a t i c i s  b y  f a r  t h e  b e s t . 
W h e n  t h i s  s t u dy b e gan , t h e  a u t h o r s  w e r e  i n t e r e s t e d  
i n  a n y  s i g n i f i c an t  d i f f e r e n c e  b e t ws e n  t h e  t w o  e y es w h i c h  c o u l d 
b e  a t t r i b u t e d  t o  t h e  t e c h ni q u e  u s e d .  U p o n  e xa m i n a t i o n o f  t h e  
c o r r e l a t i o n s  a n d  s t a n d ar d d e v i a t i ons b e t w e e n  l e f t a n d  r i g h t  
e y e  t ak e n  on a l l  t h r e e  i n s t r u m e n t s , i t  w a s  f ou n d t h a t  v a r i a b l e s  
i n  t h e  t e c hn i que had n o  s i g n i f i c a n t  e f fe c t . 
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A s ubjec t i ve eval uation of t h e  t h r e e  t a n om e t e r s  i s  
i n c l u d e d  i n  t h �  fo l l owing p aragra�h s. 
The MacKay-mar g is a fast, easy t o  use ins trument . 
The d isp osable probe tip covers offer a m a x i m u m  i n  s t e r i l e  
t e c h ni q u e . Th e d i s a d v a n t a g e s  must i n c l u de pat i en t  dis­
c omf ort , repea t abi li ty of t h e  f i n di n gs and the chance of 
c orneal abrasion. 
Among t h e  disad vantages of t h e  Tonomat i s  the fact tha t 
the p ati ent must be reclining o r  h a v e  hi s  head s o  p os i ti oned 
s o  t h e probe i s  perp endicular t o  t h e  c o r n e a  wh i ch necessitates 
th e head being a l mos t p a r a l l e l  t o  t h e f'Joor . The Tonomat 
r e quires more time to us e bu t i s  equ a l l y  s teri l e  because o f  t he 
di s p os ab l e  p l asti c endplates . V e r y  little p a tien t  di s c o m f o r t  
was e n c o u n t e r e d • 
. The A p p lama t i c  T o n ometer had t he leas t am ount of p a t i e n t 
d i s com f or t  probab l y beca u s e  t h e  p r o ce dure was s cl er a l  and not 
c o r neal . S teri l i z a t i on i s  accomplished b y  applying the tip of 
th e probe t o  an alc ohol p ad .  Care must b e  taken to a l l ow the 
alcoh ol t o  evap orate bef ore ap p lying the ti p to the eye. To 
be c ompletely s teri l e , the tip shoul d be res t eri l i zed when 
changin g fr om one ey e to th e o ther . Thi s  i s  a t i m e  c o n s um i n g 
p r ocedure . The auth ors f ound s o me d o u b t  abou t the c omp l e t e s te r -
i l i t y o f  t h e  t i p  wi t h  t h e  pro c e du r e  s u g ges ted by  the manufacturer • 
. I t  i s  the opi n i o n of the au thor s that a mechanism f o r s teri l i z a ti o n 
o f  the p robe t i p c ould and sho uld b e  i n c l uded i n  t h e p r ob e 
h ol der . 
The t i p  of the p robe a n d  i t s m e m b r a n e o u s  c ov e r i n g  a r e  v e r y 
d e l i c a t e  a n d  o r eat care must be taken when r e m o vino and re-- -
p l a c i n g  the probe i n  its h o l der . 
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I n  s ummary , t he aut hors fo u n d  t h e  m e a n s  of th e i r  
i ns tr u m e n t s to b e  l ow e r t h a n  t hos e foun d in th e pub l i s h e d  
data . T h i s  coul d b e  a function of the a o e  and s e x of our 
. �  
s ub j e c t  p o p ula t i on . T h e  b e s t co rrela tion was f oun d to b e  
b e t w e e n  t h e Tonomat a n d  t h e  A pplam a t i c .  A l l  t h r e e  i ns tr um e n t s 
w e re foun d to h av e  t h e i r i n d i v i d u a l  adva n ta g e s  a n d d is a dva n t ag e s  
b u t  non e was d e c i dedly m o r e  adv a n ta g eo u s  t h an t h e  o th e r. 
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